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Abstract: The ratio of the differential cross section of the charge exchange reaction of the deuteron to that of the
nucleon, at small transferred momenta, has been discussed in order to estimate the spin-dependent part
of the np→ pn charge exchange amplitude.
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1. Introduction

During the past few years, interest in obtaining informa-
tion on the cross section of the spin-dependent part of
the np → pn scattering, using the dp → (pp)n charge
exchange reaction, has been renewed. This is partly con-
nected with the appearence of accelerated deuterons at
the JINR LHE Nuclotron with energies over 1 GeV /nu-
cleon. The original ideas of Pomeranchuk and Chew [1, 2]
are also revisited and discussed as they have been for-
malized by Dean and other authors [3, 4]. These formulas
have been derived under certain assumptions, namely re-
lying on the validity of the impulse and closure approxi-
mations. In the work by Lednicky and Lyuboshitz [5] it has
been shown that at relativistic energies these assumptions
are justified. Moreover experimental investigations of fi-
nal state interactions (FSI) showed that the backward-
forward asymmetries of the cos α = ( ~ps~q)/(|~q||~ps|) dis-
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tributions are very sensitive to FSI, where ~ps - is the
momentum of the spectator with respect to the deuteron
frame, and ~q - is the three-dimensional momentum trans-
fer from the incident nucleon to the scattered one. In
the works [6, 7] it has been shown that for the values
of |t| < 0.1(GeV/c)2 and spectator momenta | ~ps| < 0.1
GeV/c the asymmetries caused by FSI are practically ab-
sent, this is well demonstrated for both charge retention
and charge exchange deuteron break-up channels in Fig.
1. It is important to stress the above mentioned absence of
FSI when moving to higher energies where experimental
data on np-scattering is scarce. In the region above 1 GeV
only the preliminary results of the Delta-Sigma group [8]
are known. In connection with the achievements of the
polarisation research methods at Dubna (Nuclotron) and
Juelich (COSY), the chance of restoring the amplitudes
and phases of the nucleon-nucleon scattering in the re-
gion of energies below and above 1 GeV has significantly
enhanced. Related to the aforementioned facts, the exper-
imental data from the dp → (pp)n reaction, obtained by
hydrogen bubble chamber and published in [9], are going
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to be critically reviewed.

Figure 1. Asymmetry of the angle cosα = ( ~ps~q)/(|~q||~ps|) as a func-
tion of the spectator momenta ~ps for the dp → ppn reac-
tion. Symbol ~q denotes the three momentum transfer from
the incident nucleon to the scattered one. All the quantities
are to be understood in the deuteron frame. The empty cir-
cles correspond to charge exchange dp → (pp)n and full
circles stand for the charge retention dp→ (pn)p break-up
data.

2. Experiment
The experiment was realized at the JINR LHE synchropha-
sotron by irradiating the one-metre hydrogen bubble
chamber with a deuteron beam of 3.35 GeV/c momenta in
full solid angle geometry. Applying the standard bubble
chamber processing chain: scanning, measuring, geomet-
rical and kinematical reconstruction and visual particle
identification, 17 reaction channels have been observed in
the final statistics. They all are presented in Table 1. In
spite of the fact that only the first reaction is examined in
this paper, they may be useful to the interested reader.
The number of events in the studied channel was converted
to a cross section using the dp total cross section [11] and
the total number of events corrected for losses due to the

Channel Number of events

1. ppn 102778
2. ppnπ0 31295
3. pπ+nn 65284
4. dp 16184
5. dpπ0 3950
6. dpπ0π0 1839
7. dπ+n 4963
8. dπ+nπ0 1843
9. π+π+nn 315

10. pppπ− 5487
11. pppπ−π0 167
12. pppπ−π0π0 67
13. ppπ+π−n 1163
14. ppπ+π−nπ0 49
15. dpπ+π− 576
16. dpπ+π−π0 39
17. dpπ+π−π0π0 1414

Table 1. The list of observed channels

Figure 2. Dependence of the dσ/dt|t=0 for the np → pn reaction
on the beam momentum. The data points dσ/dt|t=0 were
computed from a fit (4) to the np → pn experimental re-
sults [16]. The solid curve is a simple exponential fit to the
data points.

chamber threshold value. In the case of nuclear beams im-
pinging on a fixed proton target, all the fragments of the
incoming nuclei are fast in the laboratory frame and, thus,
they can be detected, measured well and identified with
minimal losses. The losses were determined under two
assumptions: random losses in different reaction channels
are proportional to the number of events in a given chan-
nel and that the systematical losses are concentrated in
the elastic channel at small scattering angles. An expo-
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nential function was fitted to the dN/dt, t being the four-
momentum transfer squared for |t| > 0.02(GeV/c)2, and
extrapolated back for the interval of |t| < 0.02(GeV/c)2,
to estimate the number of events, this gave a systematic
error of about 4%. More detailed description of the ex-
perimental set-up and data processing can be found in
[12, 13].

Approximately half of the observed events corresponds to
the deuteron pionless break-up dp → ppn, consisting of
charge retention dp → (pn)p 83% and charge exchange
dp → (pp)n reactions. In the latter case the neutron is
the fastest secondary nucleon in the deuteron frame and
with 17 512 events, equivalent to a cross section of 5.85±
0.05 mb, forms about 17% of the break-up. The quoted
errors are only statistical.

The differential cross section of the elementary pn→ np
charge exchange process may be represented as a sum of
the spin-independent (subscript SI) and spin-dependent

Figure 3. Spectator nucleon momentum (in the deuteron frame )
dependence on its polar angle (in the target proton frame)
for the dp → ppn events. The diagrams below are the
projections to axes.

Figure 4. The Feynman diagrams for dp→ ppn reactions with inter-
mediate ∆-isobar.

(subscript SD) parts:

(dσ/dt)np→pn = (dσ/dt)SInp→pn + (dσ/dt)SDnp→pn. (1)

The relation between the cross section of the peripheral
charge exchange dp→ ppn reaction of the deuteron and
the elementary pn → np process has been discussed
in many works. Mathematical formalism developed in
[3, 4, 10] allows to connect the differential cross section
for the deuteron charge-exchange break-up and the ele-
mentary pn → np reactions, in the frame of the impulse
approximation as follows:

Figure 5. Spectator momentum distributions from the charge reten-
tion dp → (pn)p and charge exchange channels dp →
(pp)n normalized to the maxima.
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Figure 6. Differential cross section of the dp → (pp)n charge reac-
tion at small |t|. The solid curve is a fit (4) to the data.

(dσ/dt)dp→(pp)n = [1− S(t)](dσ/dt)SInp→pn
+ [1− 1/3S(t)](dσ/dt)SDnp→pn. (2)

Where S(t) denotes the deuteron form-factor. This expres-
sion implies that at zero transfer from the target proton to
the neutron, i.e. at the scattering angle 180◦ w.r.t. CMS
and S(0) = 1, the differential cross section equals to [9]:

(dσ/dt)dp→(pp)n = 2/3(dσ/dt)SDnp→pn. (3)

Thus, the charge-exchange break-up reaction of the unpo-
larized deuteron on the unpolarized target proton at zero
transfer (t = 0) is completely determined by the spin-
dependent part of the elementary np → pn backward
scattering in CMS (180◦), so the deuteron acts as a spin
filter. It should be noted that this result also remains valid
when the deuteron D-state is taken into account [5].
Thus, studying the process dp → (pp)n, at small
transferred momenta, allows for estimation of the spin-
dependent part of the elementary np→ pn reaction.
The charge exchange differential cross section on the
deuteron at t = 0 will be estimated from our data and com-
pared with the available data for the np → pn reaction
at the same energy. The closest energy data comes from
measurements made at the SATURN accelerator [16, 17].
We would like to add that in an earlier publication [9]
our data was compared with that of [18], where the cross
section was underestimated.
Fig. 2 shows the values of dσ/dt|t=0 of the np → pn
reaction as a function of the incident momenta. The indi-
vidual differential cross sections dσ/dt, from Bizard et al.

[16] in the region of momenta (1.4− 1.95) GeV/c, at each
momentum were extrapolated to t = 0 by the expression

dσ/dt = a exp(bt + ct2). (4)

To determine the dσ/dt|t=0 of the np → pn reaction, at
our incident momentum of 1.675 GeV/c/nucleon, an expo-
nential fit was made to the results of Fig. 2, which gave
the following value of dσ/dt|t=0 = 54.7±0.2 mb /(GeV/c)2.
The obtained value will be related to the estimated dif-
ferential cross section of the quasi-elastic dp → (pp)n
charge-exchange at t = 0 from our experiment. One would
like to stress that the systematic error in data by Bizard
et al. [16] makes 5%.
From the kinematical correlation between the polar an-
gle of the nucleon-spectator (in the laboratory frame) and
its momentum (in the deuteron rest frame) shown in the
Fig. 3 one can see the enhanced population of events at
angles below 5◦. This sample is enriched with events
corresponding to quasi-nucleon scattering. In the case of
t = 0, both protons in the laboratory frame have practi-
cally identical momenta ~p1 = ~p2 = (1/2)~pd. For the set
of proton pairs within the cone of 5◦, the dσ/dt distri-
bution is histogrammed and weighted with the millibarn
equivalent and a correction factor for the flux, equal to the
ratio of total number of nucleon-spectator to the number
of spectators in this cone.
In connection with the appreciable contribution of events
with intermediate ∆-isobar [7, 19], the main part of which
comes from quasi-pp collisions (proceeding mainly via
∆++ and ∆+-isobars) see diagrams a) and b) in the Fig.
4, it would be necessary to introduce a correction for this
effect.
In the Fig. 5 the comparison of the spectator momenta
distributions from the charge retention and charge ex-
change break-ups is shown. The relative enhancement
in the spectrum of the proton spectators from the charge
exchange, connected with the contribution of intermediate
isobaric states, is clearly visible. Comparing the two-
dimensional plot in Fig. 3 with the histogram in the Fig.
5 one can see that this enhancement is concentrated in
the region of momenta above 0.2 GeV/c, i.e. outside the
cone of 5◦ and does not influence the differential cross
section at t = 0.
The result of a fit (4) to the differential cross section of
the dp → ppn reaction is shown in the Fig. 6. The
extrapolation to t = 0 has given a value of dσ/dt|t=0 =
30.2± 4.1 mb/(GeV/c)2.
One can introduce the ratio of the differential cross sec-
tions at t = 0 for the forward scattering (charge exchange)
on the deuteron and proton R = (dσ/dt)dp

(dσ/dt)np = 0.55 ± 0.08.
Under the assumptions stated above it can be related
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to 2
3 ×

(dσ/dt)SDnp
(dσ/dt)dp

and accordingly the value of the spin-
independent part of the elastic np→ pn charge exchange
cross section R ID

np = (dσ/dt)SInp
(dσ/dt)SDnp

= 2
3×R − 1 = 0.21± 0.17 has

been obtained.

3. Conclusions
1. Our earlier analysis of the experimental data from

the dp → (pp)n reaction at 1.675 GeV/nucleon,
obtained using the hydrogen bubble chamber, has
been critically reviewed.

2. The obtained ratio R = 0.55 ± 0.08 of the charge
exchange differential cross section from the reac-
tion dp → (pp)n to that for the np → pn at
t = 0 testifies the prevailing contribution of the
spin-dependent part to the np → pn scattering
amplitude.

3. Continuation of this research at higher energies is
therefore desirable.
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